Abstract. This paper presents Impact-ED, a new model for digital library impact evaluation. The model draws on assumptions from the Theory of Planned Behaviour and the Sense-Making Model. The paper discusses the current shortfalls of digital library impact evaluation and presents an alternative. Knowledge and attitude are put forward as potential measures of impact and different methods are triangulated and data linked to provide a comprehensive picture of the impact of the library at the time of use. The model shows how the digital library is being used to benefit users in their work, how it is changing their knowledge and attitudes and how the information found is used in real-time in the real world. It is being tested in the healthcare domain on the National Resource for Infection Control (www.nric.org.uk) but is expected to be transferable to other domains as further work will prove.
Introduction
Recent years have seen an explosion in the amount of money being spent on IT projects in healthcare [1, 2] . Digital libraries have the potential to change working culture creating new types of professional relationships and communities based across distances, hierarchy and other traditional barriers. With this huge investment of public money it is surely important to investigate these changes and the impact of the resources provided on clinical care, decision-making and patient outcomes.
But what do we mean by impact and how can we measure it? Previous research in the 1980s and early 1990s has shown that physical hospital library services can contribute to patient care and clinical decision-making [3] [4] [5] . In one study Medline searches performed earlier in the patient's hospital stay were associated with lower costs, charges and length of stay than those whose searches were performed later [6] . There have been several papers discussing the impact of healthcare libraries, both physical and digital [4;7-10] and a systematic review of the effectiveness of traditional libraries and clinical librarian programs on patient care [11] but development of methodologies is lacking. A recent systematic review of evaluations of the impact of healthcare digital libraries identified a need for new methodologies with most previous evaluations measuring impact with questionnaires and interviews, therefore relying on self-reported impact [12] . A healthcare digital library impact evaluation needs to show how the digital library is being used to benefit users in their work, how it is changing their knowledge and attitudes and how the information found is used. It needs to evaluate at the time of use not just retrospectively and activity within the library should be monitored. So far research has failed to achieve this [12] .
This paper attempts to address this need by using the Theory of Planned Behaviour and Dervin's Sense-making model to develop and present a new model for digital library impact evaluation research based on knowledge and attitude change.
The Impact-ED Model
Fox and Marchionini [13] presented a model of digital library dimensions in 1999 based on the research in the field at that time. They suggested there are four dimensions to DL work: Community; Services; Technology; Content. DL impact evaluation should be measuring the impact of DL content, provided through the technology and services, on its community. Is use of the DL changing a clinician's work practice rather than just helping them on one or two occasions? Evaluation of DL impact should involve investigation into the longer-term effects on the user rather than just short-term changes in decision-making.
The requirements of a DL Impact Evaluation Model are set out below as they apply to each dimension of the DL. The aim of developing the model in this way was to Fig. 1 . The Impact-ED model ensure that evaluation is based around the function and purpose of a digital library as well as the community that it serves. The requirements were compiled following a review of the literature to identify impact evaluations of healthcare digital libraries and are published elsewhere [12] . In summary the ideal evaluation will not just evaluate self-reported knowledge, attitude and behaviour changes but actual changes, and changes that occur as a result of real-time, real use in the real world by real users. Data should be obtained from different methods and linked for individual users to obtain a more in-depth picture of digital library use and impact. The review of the literature [12] identified 12 healthcare DL evaluations (2 of the same DL). Only one of the studies evaluated real-time use of the DL at the point of need in the user's work and none linked data on an individual basis from different sources. Therefore a new model is required that meets these requirements and provides a template for implementing DL impact evaluations. Figure 1 shows the model.
The intention of the Impact-ED (Impact Evaluation for Digital Libraries) model is that a variety of methods are used to collect data and data is linked to provide a more rounded picture of a digital library impact. The model draws on assumptions from the Theory of Planned Behaviour [14] and techniques from Dervin's Sense-making model and methodology [15] [16] [17] which are described in more detail elsewhere [18] . The methods are as follows:
1. Online questionnaires -investigating use of the DL within the work environment 2. Online pre and post visit (sense-making) questionnaires -investigating realtime, real-world use and how knowledge and attitudes change 3. Online tasks -how users complete tasks to find information within the library and how this changes knowledge and attitudes 4. Web log analysis -shows what users actually did within the DL 5. Interviews -to compliment these other methods by providing more in-depth qualitative data that expands on issues identified in the questionnaires and web logs.
This provides a much more in-depth picture of how a digital library may be impacting its user community and their work than previous research has allowed. The variety of methods used allows all the requirements to be met. The next section discusses how these methods and this model are implemented using knowledge and attitude as measures of impact.
The model is currently being tested on the National Resource for Infection Control (NRIC). On completion of the study in June 2008 this information provided by users at the time of visiting the library will all be linked to user activity & subsequent analysis will enable refinement of the framework and model i.e. adaptation of methods used if necessary. An insight will be provided into how the different dimensions of the library have an impact on its users.
Discussion
Whilst more rounded and comprehensive than previous digital library impact research, currently the model does not include methods for measuring outcomes such as prescribing rates, length of inpatient stay etc. As discussed knowledge and attitude are only indicators of intended behaviour and actual behaviour is only being evaluated by the sense-making interviews but this will only be self-reported behaviour. However, it would be possible to extend the model to include such measures, under the community dimension should there be opportunity to do so. The model has been developed within the healthcare domain and therefore the case study and scenarios used are healthcare focused. However, it should be possible to use the model in other domains as the methods described are non-subject specific but the ease of this has not yet been tested. In addition, there is no distinction between short-term and long-term impacts within the model. This is to allow the evaluator the flexibility to decide on this according to their needs and research constraints.
There are a variety of frameworks for digital library evaluation [19, [20] [21] [22] [23] [24] [25] [26] , but all fall short of impact evaluation such as that presented by the model proposed. The key emphasis of most of these frameworks and their measures is on statistical measures e.g. usage statistics and satisfaction ratings. Therefore the new model presented in this paper differs from existing toolkits and frameworks in two main ways:
• It collects pre and post use data about purpose of use, knowledge and attitudes about the subject and expected impact at the point of the visit to the digital library.
• It links data from different methods to provide a picture of the impact the library has on individual users. Its key features are:
• Universality -the aim is that this model should be able to be applied to any DL • Objectivity -the model does not rely solely on self-reported data often subject to user perceptions but complements these by objectively collected data via Web server logs • Versatility -using and appropriately combining multiple data collection methods to gain a rich understanding of user knowledge, attitude and behaviour change as a result of use of a DL
Conclusion and Future Work
This paper has discussed the need for new methodologies for digital library impact evaluation and presented a new model, Impact-ED, that is being tested in the healthcare domain. The novel approach of this model is the evaluation of knowledge and attitude changes and it is based on assumptions from the theory of planned behaviour and uses Dervin's sense-making technique. It provides a comprehensive approach to impact evaluation with mixed methods and data linkage being key. It evaluates at the time of use and activity within the library is monitored. The model is currently being used in an evaluation of the National Resource for Infection Control digital library and will be refined accordingly when data is available. This new model provides a useful framework for evaluating user knowledge and attitude changes following use of a healthcare digital library and has the potential to be extended to include outcome measures such as prescribing rates and length of inpatient stay as well being transferable to other domains. Future research will include extension of the model to include these outcome measures as well as investigate longer-term impact. The aim is also to use the model on a non-healthcare library to test the applicability to other domains.
